The atmospheric flux of cosmogenic ?Be (53.3-day half-life) and the mode of ?Be deposition in riverestuarine and coastal environments have been examined. The atmospheric flux of ?Be commonly supports inventories ranging from 1.0 to 2.0 pCi/cm 2 (1 pCi = 0.037 Bq). Beryllium 7 concentrations in water phase samples, collected across salinity gradients in several estuaries along the eastern coastline of the United States, range from 0.03 to 0.53 pCi/L and primarily reflect variations in ?Be supply and sorption kinetics. The major process controlling the concentration of ?Be on estuarine suspended particles appears to be the length of time that these particles remain in the water column. Field particle-towater distribution coefficients for ?Be have a median value of about 4 x 10 '• but range over an order of magnitude reflecting short-term variations in 7Be input, particle dynamics, and particulate iron content rather than equilibrium sorption-desorption responses to changes in water salinity or particle type.
INTRODUCTION
Beryllium 7 (53.3-day half-life) is produced in the earth's atmosphere by cosmic ray spallation of nitrogen and oxygen. Like other particle-reactive and atmospherically derived radionuclides, •Be rapidly becomes associated with aerosols, and its deposition on the earth's surface occurs by precipitation scavenging and by particle dry deposition. The contribution of the latter process (dry deposition) is difficult to evaluate by direct measurements, but is probably less than 30% in humid regions [Olsen et al., 1985] . At mid-latitudes, In this study, we report ?Be measurements for water, suspended matter, and sediment samples collected in several river, estuarine, and coastal systems during 1981 to 1984. We have used these data to examine the relationship between the atmospheric flux of ?Be and its mode of deposition in riverestuarine and coastal environments. From this examination, we present new information concerning (1) the distribution of ?Be between dissolved and particulate phases in estuarine and coastal areas, (2) factors that affect the concentration of ?Be on suspended particles, (3) rates for ?Be removal from the water column, (4) the heterogeneity of ?Be accumulation patterns in estuarine sediments, and (5) the extent to which ?Be is trapped within an estuarine environment. Since,many chemically reactive substances become associated with particles in aquatic systems [Olsen et al., 1982b] , the information obtained from the distribution of 7Be can be used to determine, understand, and predict the types and rates of processes that affect the fate of other particle-seeking substances in estuarine and coastal areas.
DATA COLLECTION AND ANALYSIS
Total (wet + dry) monthly atmospheric deposition data for ?Be have been measured from October 1982 to October 1984 at Oak Ridge (Tennessee) and near the mouth of the James estuary at Norfolk (Virginia). The collection and analytical procedures used to obtain these atmospheric flux data are discussed by Olsen et al. [1985] .
Water, suspended matter, and sediment samples were col- which VBe is trapped within the James River estuarine system. The water-phase Fe(OH)3 precipitate, suspended-matter and sediment samples were packed into 15-or 125-cm 3 petri dishes or into 95-cm 3 aluminum cans (depending on sample size) and analyzed for 7Be (as well as several other gammaemitting radionuclides, such as •3•Cs, 6øCo, and '•øK) using lithium-drifted germanium detectors and a computer-based multichannel analyzer system. The calibration procedures, efficiency calculations, and activity computations for this gamma-spectrometric method have been described previously . Detector resolutions (full width at half maximum (FWHM)) at 478 keV (the *Be photopeak region) were about 1.4 keV. All reported errors are statistical counting errors only, and are expressed in terms of 1 sigma. The chemical (total carbon, silicon, aluminum, and iron) characteristics of the suspended particles were determined using inductively coupled plasma (ICP) spectroscopy. The total potassium concentrations of the particulate samples have been determined by flame photometry and compared with concentrations determined from the '•øK activity.
COASTAL SAMPLING SITES
HUD80N
RESULTS
The measured-total (wet + dry) monthly flux of *Be ranges from 0.1 to 1.3 pCi/cm 2 at Oak Ridge and from 0.2 to 1.0 pCi/cm 2 at Norfolk, with the highest fluxes occurring during March through May at both sites (Figure 2 ). Beryllium 7 inventories or steady state concentrations, calculated by consecutively decay-correcting the prior month's standing crop and adding this residual amount to the current month's atmospheric flux, are similar at both sites [Olsen et al., 1985] . The inventory data commonly range from 1.0 to 2.0 pCi/cm 2, with the highest inventories occurring in the spring and the lowest in the fall.
In river-estuarine and coastal waters, along the northeastern seaboard of the United States, total *Be concentrations range from 0.05 to 0.86 pCi/L (Table 1) . The highest 7Be watercolumn concentration occurred in a sample collected from the turbidity zone of Chesapeake Bay during a spring rain. The lowest concentration occurred at the same location during early fall when atmospheric inputs and freshwater flow were X X X X X X X X X X X X X X X X X X X +l +l +[ +l +l +l +l +l +l +l +l +l +l +l +l +l +l +l +l +l +l +[ +l +l +l +l +l +l +[ +l +l +l +l +l +l +l +l +l •Synergistic suspended-matter samples (Table 1) Table 2 . This figure helps illustrate that the primary factor governing the concentration of ?Be (and by analogy other particle-reactive substances) on suspended particles is the length of time that particles remain in the water column acting as scavengers.
etation and soils to sequester precipitation-derived 7Be and its subsequent runoff. Drainage basin trapping will also be evident in the next section where we show that the river input of ?Be to the James estuary is less than 5% of the atmospheric input to the estuary surface.
The effects of atmospheric input on dissolved 7Be concentrations are also evident from a comparison of the October and April data for the Susquehanna-Chesapeake Bay system (Table 1 ). The average dissolved ?Be concentration in the four water samples collected during October was 0.06 pCi/L; the average dissolved concentration at the same four sites in April, however, was 0.37 pCi/L. The highest "dissolved" ?Be concentration was measured in a water sample collected about 2 m below the surface in Chesapeake Bay (ANAP in Figure 1 and Table 1 ) during a spring rainstorm. Within a day after this storm, the dissolved ?Be concentration decreased by about a factor of 2 in a similar sample collected at nearby station CCFF (Figure 1; Table 1 ), approaching dissolved values measured in the system prior to the rainstorm. These results are probably best explained by 7Be sorption kinetics. Bloom and Crecelius [1983] have shown that about 50 hours were required for 7Be to reach its equilibrium particle-towater distribution at suspended-matter concentrations between 20 and 100 mg/L. Beryllium 7 concentrations on suspended-particulate matter range over an order of magnitude from 0.8 to 13.7 pCi/g (Table 1 ). From the data presented in Table 1 , there do not appear to be any significant correlations between suspendedparticulate 7Be activities and salinity, particle concentration (between 5 and 30 mg/L), or particle composition (total carbon, silicon, aluminum, potassium, and iron). This lack of correlation with particulate chemistry or type suggests that the tendency for 7Be to become associated with specific particle types, such as organics or clays, is overwhelmed by bulk sorption (perhaps in association with Fe-Mn phases) onto the relatively large amount of particles supplied by sediment resuspension in turbid river-estuarine and coastal waters. Consequently, it appears that one of the major processes controlling the concentration of atmospherically derived 7Be on suspended particles in these coastal systems is the length of time that particles remain in the water column and are able to scavenge 7Be rather than the variations in water salinity or particle type and concentration. This conclusion is supported by the data illustrated in Figure 3 Field particle-to-water distribution coefficients for 7Be range from 7 x 103 to 2 x 105 and are not significantly correlated with variations in salinity, or suspended-matter concentrations between 5 and 30 mg/L (Table 1) . Although the concentration of ?Be on suspended particles does not appear to be correlated with particulate type or iron content, the particle-to-water distribution coefficients for ?Be do appear to be directly correlated with the amount of iron on the particulate samples (Table 1) with aluminum (after the iron correlation is factored out) suggests that the particle-to-water distribution coefficient can be diluted by eroded (7Be depleted) inorganic particles but that this dilution is not manifested at suspended-matter concentrations between 5 and 30 mg/L. The relatively high particle-to-water distribution implies that 7Be should be rapidly scavenged by suspended particulate matter and removed from the water column by settling particles.
Water Column Removal Rates and Residence Times
The rate of :Be removal from the water column via deposition with settling particles, '•s, can be estimated by integrating the 7Be standing crop throughout the water column, Awe, and relating this value to its input function I and its rate of radioactive decay ,•, using the simple box model assumptions and equations illustrated in Table 3 , because water samples from these areas were collected prior to our atmospheric input measurements.
By analogy, the range in :Be removal rates and residence times, listed in Table 3 , should be characteristic of other particle-reactive substances, such as Kepone in the James, PCBs in the Hudson, and various metals or other radionuclides in Chesapeake Bay. Note, however, that these removal rates and residence times (Table 3) The 7Be inventory data for the James River estuary (Table   4) (Table 3) , and the slow flushing time of this river-estuarine system all make it unlikely that such exchange will be significant in light of the atmospheric flux.
The 7Be inventory in the water column (Table 4) To determine the total burden of •Be in the sediments, the James River estuary was subdivided into several depositional environments (Figure 5 ), using National Oceanographic and Atmospheric Administration (NOAA) charts, sedimentation maps [Nichols, 1972] , the observed sedimentary characteristics from core and grab samples, and rates of accumulation based on previously reported fallout and reactor-released radionuclide profiles [Zucker et al., 1984] :
1. Dredged-channel or slump areas are characterized by channel dredging that has caused unusually high rates (>3 cm/yr) of fine-particle accumulation. These areas comprise less than 5% of the total estuarine surface area in All of the inventory estimates listed in Table 4 3. The major process controlling the concentration of *Be on suspended matter in river-estuarine and coastal waters appears to be the length of time that particles remain in the water column and able to scavenge *Be.
4. Field particle-to-water distribution coefficients for *Be range from 7 x 10 3 to 2 x 105 and appear to reflect shortterm variations in *Be input, sorption kinetics in association with Fe-Mn phases, and particle dynamics rather than equilibrium sorption-desorption processes in response to changes in water salinity or particle type.
5. There is an apparent correlation between the field determined particle-to-water distribution coefficient for *Be and the amount of iron on the particulate samples. We suggest that this correlation implies that the precipitation of dissolved iron may play an important role in the removal of atmospherically derived ?Be from estuarine and coastal waters. variations in the reactivity of different particle types, the extent of surface sediment mixing, and the net rate and pattern of fine-particle accumulation, our results indicate that fineparticle deposition is the most important factor affecting the accumulation pattern of ?Be. 9. The short-term trapping efficiency of the James estuary for ?Be and other particle-reactive substances (having particleto-water distributions between 10 ½ and l0 s) probably falls somewhere between 50 and 100%.
